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Abstrat
It is shown that the internal solution of the Shwarzshild type in the Rela-
tivisti Theory of Gravitation does not lead to an infinite pressure inside a body
as it holds in the General Theory of Relativity.
This happens due to the graviton rest mass, beause of the stopping of the time
slowing down.
K. Shwarzshild found in papers [1,2℄ a spherially symmetri
stati solution (internal and external) of the general relativity
(GR) equations. The external solution is widely known and has
the following form:
ds2 = c2
(
1−Wg
W
)
dt2−
(
1−Wg
W
)−1
dW 2+W 2(dθ2+sin2 θ dφ2) ,
(1)
where Wg = (2GM)/c
2
is the Shwarzshild radius.
The internal Shwarzshild solution for a homogeneous ball
of the radius a is desribed by the interval:

ds2 = c2
( 3
2
√
1− qa2 − 1
2
√
1− qW 2
)2
dt2−
−(1− qW 2)−1dW 2 +W 2(dθ2 + sin2 θ dφ2) ,
(2)
where q = (1/3)κρ = (2GM)/(c2a3), κ = (8piG)/c2,
ρ = (3M)/(4pia3).
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The general property of internal and external solutions is ma-
nifested in the fat that at a ertain value of W the metri oef-
fiients in front of dt2 in intervals (1) and (2) vanish. Vanishing
of this metri oeffiient, whih we will denote as U , means that
the gravitational field ats in suh a way that it not only slows
down the run of time, but is able even to stop this run. For the
external solution the vanishing of the metri oeffiient U ours
at W = Wg.
To exlude suh a possibility (not forbidden by the theory) one
has to assume that the radius of the body obeys to the inequality
a > Wg . (3)
For the internal solution this ours at
W 2 = 9a2 − 8(a3/Wg) , (4)
To exlude suh a possibility of the vanishing of the metri oef-
fiient U inside the body one has to assume that
a > (9/8)Wg . (5)
We have to emphasize that inequalities (3) and (5) are not a
onsequene of GR.
The internal Shwarzshild solution is somewhat formal and
is interesting first of all beause it is an exat solution of the GR
equations. In papers [3,4℄ it was shown, taking as an example the
external Shwarzshild solution that in the Relativisti Theory
of Gravitation (RTG), as a field theory, inequality (3) arises due
to an effetive repulsive fore, whih is stipulated by the stop
of the time slowing down, whih, in its turn, is aused by the
graviton rest mass. Below we onsider, in the framework of the
2
RTG, the internal solution of the Shwarzshild type. The inter-
nal Shwarzshild solution is the solution of the HilbertEinstein
equations
1− d
dW
[W
V
]
= κW 2ρ ,
1− 1
V
− W
UV
dU
dW
= −κW
2
c2
p . (6)
Aording to (2) the metri oeffiients in front of dt2 and dW 2
are, respetively,
U =
( 3
2
√
1− qa2 − 1
2
√
1− qW 2
)2
, V = (1− qW 2)−1. (7)
We find thereof
′
U
U
=
qW√
1− qW 2
( 3
2
√
1− qa2 − 1
2
√
1− qW 2
) , ′U = dU
dW
.
(8)
Substituting (7) and (8) into equation (6), we obtain the pressure
p
c2
=
ρ
2
(
√
1− qW 2 −
√
1− qa2)√
U
. (9)
It is seen from this, in partiular, that if equation (4) would
not be exluded then the pressure inside the body would be infi-
nite on the sphere defined by this equation. The singularity that
arises due to the vanishing of the metri oeffiient U annot be
eliminated by the hoie of the oordinate system, beause the
salar urvature R also possesses it:
R = −8piG
[
3
√
1− qa2 − 2
√
1− qW 2√
U
]
. (10)
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Let us show now that in the RTG, when dealing with solutions
of the Shwarzshild type, the situation is drastially different
due to the repulsion fore, whih arises beause of the stop in
slowing down of the time.
The same mehanism of the selflimitation of the field, whih
led, in the RTG [3-4℄, to inequality (3) for the external Shwar-
zshild solution, leads to inequality of the type (5) for the internal
Shwarzshild solution. RTG equations for the metri defined by
the interval
ds2 = c2U(W )dt2 − V (W )r´2dW 2 −W 2(dθ2 + sin2 θ dφ2) , (11)
(here r´ = dr/dW ) assume the form [5, 6℄:
1− d
daw
[ W
V r´2
]
+
1
2
(mgc
~
)2[
W 2− r2+W
2
2
( 1
U
− 1
V
)]
= κW 2ρ ,
(12)
1− 1
V r´2
− W
UV r´2
′
U+
1
2
(mgc
~
)2[
W 2−r2−W
2
2
( 1
U
− 1
V
)]
= −κW 2 p
c2
,
(13)
d
dW
[√
U
V
W 2
]
= 2r
√
UV r´ .
Introduing a new variable Z = (UW 2)/(V r´2) and adding Eqs.
(12) and (13)we obtain:
1− 1
2UW
′
Z +
m2
2
(W 2 − r2) = 1
2
κW 2
(
ρ− p
c2
)
. (14)
Subtrating (13) from Eq. (12)we find
′
Z − 2Z
′
U
U
− 2 Z
W
− m
2
2
W 3
(
1− U
V
)
= −κW 3
(
ρ+
p
c2
)
U , (15)
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where m = (mgc)/~.
In our problem the omponents of the energy-momentum ten-
sor of matter are
T 0
0
= ρ, T 1
1
= T 2
2
= T 3
3
= −p(W )
c2
.
The equation of matter
∇ν(
√−g T νµ ) = ∂ν(
√−g T νµ ) +
1
2
√−g Tσν∂µgσν = 0
for the given problem redues to the following form
1
c2
dp
dW
= −
(
ρ+
p
c2
) 1
2U
dU
dW
. (16)
As the pressure grows towards the enter of the ball, this leads to
the inequality
dU
dW
> 0 , (17)
whih means that the funtion U dereases towards the enter of
the ball, and hene the run of time slows down in ompare with
that of an inertial system.
Due to the onstany of the pressure, ρ, (16) is readily solved:
ρ+
p
c2
=
α√
U
. (18)
Comparing (9) and (18) one finds the onstant α
α = ρ
√
1− qa2 . (19)
If we assume that
m2(W 2 − r2)≪ 1, (U/V )≪ 1 ,
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and introdue a new variable y = W 2, then (14) and (15) take
the form: ′
Z = U(1− 3qy) + ακ
2
y
√
U , (20)
√
U
′
Z − 1
y
Z
√
U − 4Z(
√
U)′ +
ακ
2
yU − m
2
4
y
√
U = 0 . (21)
Here and below
′
Z = dZ/dy.
When analysing the external spherially symmetri Shwarzshild
solution [3,4℄ we have found that due to an effetive repulsive fore
the metri oeffiient U that defined the time run slowing down
in ompare with an inertial run, did not vanish even in a strong
gravitational field.
That is why in what follows we will investigate the behaviour of
the solution to this equations at small values of y. If the graviton
mass is zero then it follows from (7) for small y that
√
U ≃ 1
2
(3
√
1− qa2 − 1) + qy
4
+
1
16
q2y2 . (22)
From this one an see, that the funtion
√
U for the internal
Shwarzshild solution an vanish if
3
√
1− qa2 = 1 , (23)
what leads to the infinite value both of the pressure p and the
salar urvature R at the enter of the ball.
As for the non-zero graviton rest mass Eqs. (2021) stop the
time-slowing-down proess, one an naturally expet that inequal-
ity (23) annot take plae in the physial (real) domain of values
of the funtion
√
U . We will searh, on the basis of (22), for a
6
solution to equations (2021)
√
U in the form
√
U = β +
qy
4
+
1
16
q2y2 , (24)
where β is an unknown onstant, whih has to be defined making
use of Eqs.(2021). Substituting expression (24) and (25), and
integrating, we find
Z = β2y+
y2
2
(βq
2
−3β2q+ακβ
2
)
+
y3
3
[q2
8
(
β+
1
2
)
−3β
2
q2+
ακq
8
]
.
(25)
Taking into expressions (24) and (25), and negleting small terms
of order (my)2, we obtain the following equation for β
2β2q + β(q − ακ) +m2/3 = 0 . (26)
It is instrutive to note that the term ontaining y2 has the fol-
lowing form:
−qy
2
48
{
7[2β2q + β (q − ακ)] + 3m2} .
One an, with the use of Eq.(26), redue it to
− q
72
m2y2 .
Taking into onsideration that, by definition,
ακ − q = κρ
3
(
3
√
1− qa2 − 1) ,
we find from Eq.(26)
β =
3
√
1− qa2 − 1 +
[(
3
√
1− qa2 − 1)2 − (8m2)/κρ]1/2
4
.
(27)
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Thus, the metri oeffiient U defining the time-slowing-down
proesses is not zero.
If to put the graviton rest mass to zero, expression (27), as one
should expet, oinides exatly with the last term of expression
(22). From formula (27) one an obtain the minimum value of β
βmin =
( m2
2κρ
)1/2
. (28)
The quantity β in the funtion
√
U defines the limit for the time-
slowing-down proess by the gravitational field of the ball. This
means that further slowing down of the time run by the gravita-
tional field is impossible. That is why the salar urvature defined
by expression (10) will be, as distint from the General Theory
of Relativity (GTR), finite everywhere. So, the very gravitation-
al field stops the time-slowing-down proess due to the non-zero
graviton mass.
Aording to (27) equality (23) is impossible due to the non-
zero graviton mass, beause the following inequality takes plae:
3
√
1− qa2 − 1 ≥ 2
√
2
(m2
κρ
)1/2
. (29)
Taking into aount the definition
qa2 = Wg/a ,
we find on the basis of inequality (29) for κρ≫ m2
a ≥ 9
8
Wg
(
1 +
√
m2
2κρ
)
, . (30)
This bound for the body radius, whih arises when studying the
internal solutions, is stronger than bound (29), obtained in [3,4℄,
8
in the ourse of the analysis of the external solution. Inequality
(30), as we see, follows diretly from theory, while in the GTR
inequality (5) is speially introdued to avoid an infinite pressure
inside the body.
From (18) and (19) we find the pressure:
p
c2
=
−ρ
√
U + ρ
√
1− qa2√
U
.
With aount of equality (28) we obtain the maximum pressure
at the enter of the ball
p
c2
≃ ρ
[2κρ
m2
(1− qa2)
]1/2
.
The pressure at the enter of the ball is finite, while in the GTR,
due to (2), it is infinite.
The presene, in the Relativisti Theory of Gravitation, of the
effetive repulsive fore, whih arises in strong gravitational fields,
differs it the essene from Einstein's GTR and Newton's theory of
gravitation in whih only attrative fores rule. In the field theory
of gravitation the presene of the non-zero graviton mass and the
fundamental property to stop the time run slowing down proess
lead to the fat that the gravitational fore may be not only an
attrative fore, but at some irumstanes (in strong fields) even
an effetively repulsive one. The effetive repulsive fore stops
the time run slowing down proess by the gravitational field. The
gravitational field, in the main, annot stop the time run of a
physial proess beause it possesses a fundamental property of
self-restrition.
Namely this property of the gravitational field, exluding a
possibility of the blak holes formation as non-physial objets,
drastially hanges the piture of the matter evolution as om-
pared with the GTR.
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